Clostridium difficile infection (CDI) is an emerging problem in terms of incidence, morbidity and mortality. Currently available treatment options are not always effective, especially in cases of recurrent/refractory or complicated CDI. The gut microbiota transplantation is a technique that has been sporadically practiced since the '50s, but its clinical efficacy has only recently been supported by scientific evidence. In the present article, we report the pathophysiological basis and the clinical indications of this technique that, in light of its low cost, and proven efficacy and safety, is likely to become part of the management guidelines of difficult cases of CDI in the near future.
Introduction
The epidemiology of Clostridium difficile infection (CDI) is pointing towards a significant increase in morbidity and mortality rates, especially in developed countries. Moreover, the spread of ribotype NAP1/BI/027 and other hypervirulent strains has contributed to make the management of this type of infection even more difficult. 1 An emerging issue, which represents a real challenge for the clinicians, is the management of recurrent cases of CDI. About 20% of patients with CDI experience a recurrent episode after initial antibiotic treatment. Patients with a recurrent episode have 40% chance of experiencing another one, while in those who have ≥2 recurrent episodes the likelihood of a further one reaches 60%. 2, 3 To date, there is still no standardized treatment for patients with recurrent/relapsing episodes of CDI, and usually these patients are committed to several courses of antiClostridium difficile antibiotics. In these cases, the signs and symptoms of CDI usually reappear after discontinuation of antibiotic treatment. Actually, the current international guidelines declare the existence of a gap in the management of these clinical situations. 4 Unconventional therapies have been proposed as alternative or adjunctive treatment to the classic metronidazole and vancomycin, such as the use of intravenous immunoglobulin, and others like probiotics, and chelating agents. However, the results in terms of clinical cure have been far from satisfactory. In light of these therapeutic limitations the technique of fecal bacteriotherapy was rediscovered, with the rationale of a real organ transplant. The first reported fecal transplant in humans in the literature dates back to 1958. 5 The use of fecal bacteriotherapy was in fact reported in the literature for about 50 years, but until 2013 no randomized trial was ever been published.
Over the last few years, the term intestinal flora (now considered obsolete) has been gradually replaced with that of gut microbiota, thus indicating the growing awareness of the existence of an actual organ responsible of multiple physiological functions (i.e. energy metabolism and immune system), similarly to what has happened with the adipose tissue in metabolic diseases.
Pathophysiological substrate of Clostridium difficile infection: the disruption of the intestinal microbiota
Chang et al. analyzed the fecal microbiota of 7 patients with CDI using the 16S rDNA sequencing, and found a progressive reduction in the diversity of the bacterial species in patients with initial CDI, in patients with recurrent CDI and in healthy controls. 6 In particular, among CDI patients, there is a marked reduction in Bacteroides and an increase in the Proteobacteria.
A subsequent study of Khoruts et al. compared the composition of the intestinal microbiota in CDI patients before and after the fecal bacteriotherapy. 7 Patients with CDI showed a smaller amount of Firmicutes and Bacteroides; however, 14 days after the procedure of the fecal transplant, a significant change in the composition of the microbiota occurred, with a bacterial composition once again dominated by Bacteroides, resembling that of healthy individuals.
In a recent randomized clinical trial on duodenal infusion of feces for the treatment of recurrent CDI, an analysis of fecal microbiota using 16S rRNA before and after the infusion of feces is also described. 8 In agreement with the above studies, these authors also observe that, after the infusion of feces from healthy donors, the fecal bacterial diversity grows back, with an increase in Bacteroides and Clostridium clusters IV and XIV and a decrease in the Proteobacteria.
Clinical use of the intestinal microbiota transplantation: scientific evidence
The practical procedure of transplantation of intestinal microbiota consists of an instillation of a liquid suspension of stool from a healthy donor to a patient with CDI. The liquid is placed in the gastrointestinal tract by nasogastric/nasojejunal tube, gastroscope, colonscope or a retention enema. The literature from 1958 to 2008 describes case reports and case series of 100 episodes of recurrent CDI treated with fecal bacteriotherapy with a success rate of 89%. 9 In 2011, a systematic review of the literature on 317 patients with recurrent CDI treated with transplantation of intestinal microbiota was published. 10 Ninety-two percent (92%) of patients had resolution of symptoms (89% after a single treatment and 5% after retreatment), and 4% showed recurrence of symptoms after transplantation. There were 13 (4%) deaths during follow-up, 3 of which, all from the same study, attributed to CDI (1%). None of the studies reported in this systematic review was a randomized clinical trial.
In 2013 the first randomized trial on the infusion of feces for the treatment of recurrent ICD was published. 8 The trial compared 3 groups of patients: patients treated with oral vancomycin followed by intestinal lavage followed by infusion of feces through the gastroscope; oral vancomycin alone; and oral vancomycin followed by intestinal lavage. The primary endpoint was cure without relapse within 10 weeks after the initiation of therapy. Cure was defined as absence of diarrhea or persistent diarrhea that could be explained by other causes with 3 consecutive negative toxin tests for C. difficile. The trial was stopped after an interim analysis in which 15 of 16 (93%) patients in the group treated with infusion of feces had resolution of diarrhea (13 after the first infusion and 2 after the second infusion) compared to 4 out of 13 (30.7%) of those who received vancomycin alone, and only 3 out of 13 (23%) of those who received vancomycin and intestinal lavage (P<0.001).
In order to better implement this technique, the characteristics of the donor and recipient should be carefully assessed.
Donor

Inclusion criteria
In light of the recent evidence about the involvement of the intestinal microbiota in systemic non-infectious diseases, the candidate donor has to be preferably a healthy volunteer. Until 2011, a partner or a family member was the most frequent donor; however, the reasons supporting this option were not evidence based. Recently, a pool of periodically screened donors has been built for safety, cost and speed of disposal of fecal material ready to be transplanted. 8, 11 Some authors prefer the younger donors, and the males to the females.
Exclusion criteria
Exclusion criteria in fecal donors are similar to those universally used in blood products donors plus a few other specific criteria for CDI. A dedicated questionnaire should contain the following items: known HIV or HCV or HBV infection, known exposure to HIV or viral hepatitis within the previous 12 months, high-risk sexual behaviors, use of illicit drugs, tattoo or body piercing within 6 months, incarceration or history of incarceration, known current communicable disease, risk factors for variant Creutzfeldt-Jacob disease, travel (within the last 6 months) to areas of the world where enteric pathogens are endemic or the risk of traveller's diarrhea is high, history of inflammatory bowel disease, history of inflammatory bowel syndrome, idiopathic chronic constipation, or chronic diarrhea, history of gastrointestinal malignancy or known polyposis, antibiotics within the preceding 3 months,
Recently, in light of the evidence supporting a role of the intestinal microbiota in systemic diseases, some authors report also the following relative contraindications: history of major gastrointestinal surgery, metabolic syndrome, sistemi autoimmunities, allergic diseases, eosinophilic disorders of the gastrointestinal tract, chronic pain syndromes (e.g. chronic fatigue syndrome, fibromyalgia).
Donor screening
The data in literature show that the number of complications related to the procedure of fecal infusion is very low. The most widely feared potential risk remains that of the transmission of infectious agents from the donor. For this reason a careful screening of the donor is required. There is no standard screening for donor, since this depends on the resources of the hospital and on the degree of risk that is considered acceptable (in a totally comparable way to what happens for transfusion of blood products between different nations). However, for practical reasons we report in Table 1 the various infectious agents screened for in the donor testing used in the above-mentioned recent Dutch randomized trial. 8 
Recipient
Inclusion criteria
The ideal recipient candidates are patients older than 18 years with recurrent CDI and failure to at least one cycle of appropriate antibiotic therapy. The number of recurrent episodes necessary to include the patient is still to be determined; in the Dutch trial one was enough, while other studies only consider patients with at least 2 episodes of severe CDI or 3 of episodes of mild or moderate CDI. 8, 12 Moreover, application of this technique is still to be evaluated in cases of non-responders to standard antibiotic therapy and in those with fulminant Clostridium difficile colitis.
Exclusion criteria
Exclusion criteria are actually subject to variability from center to center, and so far there are no standardized exclusion criteria. However, it is important to assess, among the potential recipients for transplantation of feces, those at increased risk of adverse events. In literature, immunocompromized patients are considered to be at greater risk.
However, this assumption is dictated more by common sense and evidence deriving from other types of infections than from scientific evidence specific to C. difficile. The most commonly used exclusion criteria in literature are: i) patients on major immunosoppressive agents including high-dose corticosteroids, calcineurin inhibitors, mammalian target of rapamycin (mTOR) inhibitors, lymphocitedepleting biological agents, anti-tumor necrosis factor agents, and others, chemotherapeutic antineoplastic treatments; ii) patients with decompensated liver cirrhosis, advanced HIV/acquired immune deficiency syndrome, recent bone marrow transplant, or other causes of severe immunodeficiency.
Among the exclusion criteria, some authors consider also pregnancy, ICU admission or treatment with vasopressors; these criteria will be likely reviewed in the future, especially if the fecal transplant is proposed as an alternative to colectomy in fulminant cases. Moreover, patients with low life expectancy are usually excluded. 8, 11 
Preparation of stool
The fecal material is usually collected from the donor and filtered to remove the particulate matter (e.g. undigested fibers, etc.). Many authors dilute the filtered material with saline solution until they obtain a volume of 25-50 mL and 250-500 mL for administration via the upper gastrointestinal tract and the lower one, respectively. 12 Until recently, it was preferred to collect and infuse the feces within 24 hours (preferably 6 hours) and the material was not frozen. Recently, Hamilton et al. have shown that the use of a bank of fecal material properly processed and frozen represents a viable option to be used as needed using samples already analyzed and ready for use. 11 
Review
Pretreatment of recipient
The recipient is usually given a bowel preparation like the one used for colonoscopy with the rationale to potentially remove pre-existing flora (pathological) and spores of C. difficile prior to instillation of feces. If the infusion is via nasogastric (or naso-jejunal) tube, some authors administer a proton pump inhibitor the night before and the morning of the procedure. 12, 13 Some authors use loperamide if the stools are administered by a colonoscope or retention enema. 14 Many authors keep the patient on oral vancomycin until the time of transplantation. 8, 13 The rationale for pretreating patients with vancomycin is to reduce the amount of vegetative forms of C. difficile (vancomycin has no action on the spores). Although this practice is widely used and rationally valid, there is no evidence of different efficacy comparing pretreated patients and treatment-naïve patients. The same is true with regards to the bowel preparation before the transplant procedure.
Instillation route
The best instillation route is still a controversial topic. Until 1989 enema was the most commonly used route, and then gradually other instruments were utilized such as nasogastric tube (1991), colonoscopy (2000) and the selfadministered enema (2010). 15 To date, more than 400 cases of patients with fecal transplant have been reported, approximately 75% of which by colonoscopy or barium enema, and 25% by nasogastric or nasojejunal tube or gastroscope. 15 Although the risks associated with the microbiota transplant procedure are very limited, clinicians should be aware that the instillation of feces through nasogastric tube could potentially cause aspiration of fecal material, and therefore it is reasonable to consider the need of an X-ray to ensure that the tube is in place. On the other hand, the contrast barium enema and the colonoscopy have the risk of perforation (especially in patients with underlying diseases such as inflammatory bowel disease and/or diverticulosis).
One study compared the effectiveness of fecal transplantation on the basis of the route of administration (nasogastric vs. colonoscopic) through a review of studies published in literature. 16 The authors found no differences in efficacy between the two techniques.
Conclusions
Fecal transplantation represents a therapy with a high potential, and its rationale, though seemingly simple, opens up to a wide range of investigation fields. The microbiota transplantation has shown to have a role in many diseases, not only infectious: inflammatory bowel diseases, irritable bowel syndrome, obesity and metabolic syndromes, anorexia nervosa, autoimmunity, and multiple sclerosis. 17 Recently, the microbiota has also been shown to be involved in the production of metabolites (proatherosclerotic metabolite, trimethylamine-N-oxide) associated with an increased risk of major cardiovascular events. 18 In conclusion, as regards the management of recurrent forms of CDI, transplantation of intestinal microbiota represents a relatively simple procedure, of short duration and with a high clinical cure rate. The risks associated with this procedure seem to be limited, especially if the criteria for inclusion and exclusion are contemplated and the donor screening tests are performed. The cost of transplantation of intestinal microbiota is bound to be lower if compared to the cost of repeated courses of antibiotic therapy, hospitalization, as well as the loss of work productivity caused by the persistence of diarrhea. 19 This new therapeutic option will not only be used effectively in the near future, it will also open new interesting investigation fields.
